Abstract: This research developed a system which monitors the growth of paddy rice by using a lowaltitude remote sensing using spectroradiometer. In the crop yields' estimation, the wavelength band of an ultraviolet range or a short wave infrared region was essential for the estimation of the result of the PLS regression analysis or the multiple linear regression analysis. Using these information, the estimation error of the crop yield was 12.8 [kg/10a]. Moreover, the estimation error of protein content was 0.14% by using the near infrared and the short wave infrared information. In addition, the estimation models were applied to the other paddy field. There were also high relationship between the crop status and the measured wavelength. These results suggested that this low-altitude remote sensing system was able to obtain the variation of the crop status in the paddy rice fields. In addition, the information of the wavelength in short wave infrared was important to estimate the crop status.
INTRODUCTION
The consumption of the rice is 61.4 kg per Japanese a year. The import of wheat, soybean, meat from overseas increases, and the domestic self-sufficiency rate is falling. However, the domestic self-sufficiency rate of rice is maintaining about 100% (The Ministry of Agriculture, Forestry, and Fisheries 2009) . Japanese people and rice have close relation, and the eating habits without rice cannot be considered.
The Hokuriku district and the Tohoku district are famous places for the production of rice in Japan. Moreover, since the quality of rice grown in Hokkaido has been improved, it became famous as a place for the rice production in Japan. The rice paddy field in Hokkaido is a large-scale farming as shown in Fig. 1 . It needs to lessen variation in growth in a cultivated area. Research on the monitoring technology using the satellite imagery is being conducted for this application. In the previous research of Hokkaido Central Agricultural Experiment Station in Japan, there was a high relationship between the protein content in rice and the Normalized Difference Vegetation Index (NDVI) of rice paddy field calculated by satellite imagery taken about 3 weeks before the ripening period. Almost all the Japanese feel that the rice with less protein content is delicious. So, it is very important to manage the protein content for the taste of rice.
However, it is difficult to monitor the variation in a paddy rice field by this method because the resolution of the satellite imagery is low. In Hokkaido district, the imagery taken by SPOT5 is usually used for agricultural remote sensing. The resolution of this imagery is about 10 m per pixel. Recently, the direct-seeding method of rice on a field is increasing. In case of the direct-seeding, there is a tendency which the variation of the quality becomes larger than transplanting. A management which lessens variation in paddy rice growth is much more required.
This research aimed at the development of the system which monitors growth of paddy rice by using a low-altitude remote sensing using spectroradiometer. In previous research, the unmanned helicopter was used for the sensing platform to estimate of the crop growth environment (Han-ya et al. 2009a, b; Han-ya et al. 2010; Sugiura et al. 2005) . Because the helicopter-based remote sensing system can acquire higher a) Hokuriku and/or Tohoku b) Hokkaido Fig.1 . Rice paddy field in Japan resolution information, the growth estimation using the information acquired by helicopter-based sensing system is higher precision than growth estimation using by the satellite imagery. Figure 2 shows an unmanned helicopter YH-300 (Yanmar Co., Ltd) and its components. Usually, the unmanned helicopter is used for chemical spraying in agriculture. In this study, tanks and atomizers were removed to install the RTK-GPS, the spectroradiometer, the solar sensor and laptop PC. GPS works as a RTK-GPS by using the mobile phone to compensate the GPS signal. The RTK-GPS acquired the Universal Transverse Mercator (UTM) coordinate with an error +/-2cm. The information of body's angle is recorded on time by the posture sensor and it is transferred to laptop PC. The position data from GPS is transferred to laptop PC as well. Figure 3 shows FieldSpec 3 (Analytical Spectral Devices Inc.), a spectroradiometer. The spectral reflectivity within the range from 350nm to 2500nm can be measured. Designed to collect solar reflectance, radiance and irradiance measurements, This spectroradiometer is appropriate for applications in remote sensing, oceanography, ecology, forestry, plant physiology, geology, and many more (Takahashi and Yasuoka 2006; Guerric et al. 2008; Clevers et al. 2008; Jarmer et al. 2008) . Table 1 shows the specifications of spectroradiometer. PC was used to acquire data to control the spectroradiometer in which special software is installed. These PC and the spectroradiometer communicate via wireless LAN. The measured data is transmitted to this PC and was saved. The wireless connection allows for remote control of data collection up to 50m away. The viewing angle can be arbitrarily set. It was set to the viewing angle of 1 degree in the examination.
SYSTEM SENSING PLATFORM

Helicopter-based Remote Sensing System
Specrtoradiometer
Solar Sensor
When using spectroradiometer outdoors, measuring data is influenced by alternation of a value of solar radiation. Therefore, a solar sensor was installed and a value of solar radiation was measured for correcting the data. Figure 4 shows the solar sensor. Table 2 shows the specification of this sensor. 
Rice paddy fields
Test fields were located in Fukagawa city and Iwamizawa city, Hokkaido district, Japan. Both cities are located in the north of Ishikari Plain which is good places for rice production. The Fukagawa field is the transplanting paddy field, and the Iwamizawa field is direct-seeding paddy field. The sampling points were set to each test paddy fields as shown in Fig 
METHODS
Reflectance data correction by using solar sensor
Usually, the calibration is done by using a standard white board immediately before reflectance value measured by spectroradiometer. But in this system the calibration could be done immediately before the helicopter taking off. Therefore, the alternation of the value of solar radiation was measured while it is performing the spectrum measuring. The influence of an insolation alternation was reduced by converting all the value of solar radiations into the value of solar radiation at the time of a measurement start using (1). 
Analysis using reflectance measured by Spectroradiometer
Free software "R" was used for the analysis of data (R 2002 The partial least square (PLS) regression analysis and multiple regression analysis were adopted as analytic method. PLS regression is a statistical method that bears some relation to principal components regression; instead of finding hyperplanes of maximum variance between the response and independent variables, it finds a linear regression model by projecting the predicted variables and the observable variables to a new space. Because both the X (independent variable) and Y (dependent variable) data are projected to new spaces, the PLS family of methods are known as bilinear factor models. Multiple linear regression analysis is regression analysis conducted when there are two or more variables used as a cause to the variable which brings a certain result. Data were standardized so as to be, the average was 0 and variance was 1. The data measured in the Fukagawa field was used as a training data to make the estimation model. The data measured in the Iwamizawa field was used as a test data.
RESULTS AND DISCUSSION
Reflectance data correction by using solar sensor
It is optimized so that the spectral reflectance obtained may be set to 1 by the calibration of spectroradiometer performed just before a measuring start. The value of solar radiation at this time was 1.36 [V] on the reading electric pressure of the sensor. When the data used in Fig. 9 is measured, the insolation sensor shows 1.43 [V] , and the spectral reflectance measured because the value of solar radiation increased also became higher than the time of a start. However, the alternation of spectral reflectance has been rectified by passing (1). Since the same result was obtained also when the data of other time was used, it has clarified that the correction method by this technique was effective.
Moreover, some amendment were impossible near 1350 nm and near 1850 nm so that it could grasp in Fig. 9 and Fig. 10 . These wavelength bands are absorption bands, such as steam which exists in an atmospheric air. The example where the spectral reflectance measured with spectroradiometer is not stabilized is reported by Clevers (2008) . In this research, the data of these unstable wavelength bands were analyzed by removing.
Relationship between reflectance data and rice yield
In order to investigate the involvement between reflectance value and survey data, PLS regression analysis and multiple linear regression analysis which used the cross-validation method were conducted. Even with the 4th component, Fig.  11 showed that 80% of the involvement between a yield and a reflectance data could be explained.
In the independent contribution at the yield estimation, the contribution of the 1st, 2nd, and 3rd components were high. Figure 11 shows the coefficients of each component. In component 2 and component 4, positive correlation has been seen in the wavelength band from near infrared to short wave infrared. In other words, there was a relationship between rice yield and near infrared or short wave infrared. Fig.9 Reflectance data correction by using solar radiation In consideration of this result, the estimation model of the yield was made by using multiple linear regression analysis. Equation (2) Equation (2) suggested that the wavelength band of shortwave infrared had strong relationship between rice yields. Figure 13 shows the graphic chart which plotted the estimated value on the coordinate axis and with which it plotted the actual measurement on the lateral axis. By using the estimation model, the estimation error of crop yield was 12.8 [kg/10a] . Therefore, estimation with little error is possible by using the reflectance of the short wave infrared. It is thought that presumption of a yield can be presumed using the data of an ultraviolet range and a short wave infrared.
Relationship between reflectance data and protein content
The protein content was estimated by same method as estimation of a yield. Equation (4) Figure 14 shows the relationship between measured protein content and estimated protein content. By using the estimation model, the estimation error was 0.14 %. Therefore, estimation with little error is possible by using the reflectance of the short wave infrared and ultraviolet.
Rice yields and protein content estimation in the directseeding paddy field
The estimation models (2) and (4) were applied to the other field in Iwamizawa. Figure 15 shows the relationship between the measured yields and the estimated yields by using equation (2). There was very strong relationship between them. That is to say, developed model was useful to estimate the yields. And it was clarified that the wavelength information of ultraviolet and short wave infrared was very important for the rice yields estimation.
In the Fig.16 , the relationship between measured protein content and the estimated protein content calculated by the equation (4) was shown. There was also high relationship between them. It showed that the information on the wavelength band used in the equation (4) was important for the protein content estimation.
The spectroradiometer used in this experiment can measure a broad wavelength at once, and the accuracy is high. However, it is not fit for a measurement of a wide range cultivated land, Measured protein content [%] and the price is also high. Therefore, a measurement hardware which can catch only a specific wavelength band and can carry out a cheaper and simply wide range measurement is desirable. Construction of the system which can presume vigour using the data of a useful specific wavelength band to presumption is a future subject.
